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ABSTRACT 
Objective: To investigate the effect of transportation time from a mother’s home 
to clinic on adequacy of prenatal care.            
 
Methods: We conducted a retrospective cohort study of mothers receiving 
prenatal care at N.C. Women's Hospital between 7/1/14-6/30/16. Demographic 
and outcome data were queried from the electronic medical record. We used 
multinomial logistic regression to analyze the effect of driving time on a patient’s 
arrival status while controlling for pregnancy and socio-demographic 
characteristics.  
   
Results: Our study sample consisted of 2,808 women with 24,021 prenatal 
appointments.  Median travel time was 33.8 minutes (IQR: 19.2, 52.4) from a 
patient’s home to clinic. Most appointments were attended on time (64.7%), 
followed by cancellations (21.5%), no-shows (7.9%), and late arrivals (5.9%). 
Women who are Non-Hispanic Black or with higher parity were significantly more 
likely to arrive late, cancel or no-show than arrive on time. For every 10 minutes 
of driving time, women were 1.05 (95% CI 1.02-1.08) times as likely to arrive late 
and 1.03 (95% CI 1.01, 1.04) times as likely to cancel than arrive on time, 
adjusting for covariates. Driving time did not significantly affect a patient’s 
likelihood of no-showing appointments.  
 
	 3 
Conclusion: Longer travel time is one barrier that impedes prenatal care 
attendance. Targeted approaches are needed to overcome multi-faceted 
challenges to accessing adequate prenatal care. 
 
Keywords: Transportation time; prenatal care attendance; adequate prenatal 
care 
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I. Problem Statement 
 
Adequate prenatal care can improve birth outcomes. To understand the impact of 
transportation on prenatal care attendance, we investigated the effect of driving 
time from a patient’s home to the prenatal clinic on her likelihood to arrive late, 
cancel or no show appointments.            
 
 
II. Study Hypotheses 
 
We hypothesized that patients with driving times greater than 30 minutes would 
be more likely to arrive late or miss (i.e. cancel or no-show) appointments. We 
further hypothesized that difficulties with attendance would be more common 
among younger, non-white, uninsured, or single mothers.  
 
 
III. Literature Review  
 
An important public health agenda in the U.S. is improving access to adequate 
prenatal care, particularly for racial/ethnic minorities and low-income women.1 
Adequacy of prenatal care is typically assessed using the Kotelchuk Index, which 
examines not only the timing of prenatal care initiation, but importantly 
subsequent care utilization throughout pregnancy.2 Adequate prenatal care is 
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important for maternal and child health.3,4  Prenatal care enables care providers 
to screen for important risk factors and preexisting conditions that increase risk 
for complications during pregnancy and the postpartum period. For instance, 
women with no prenatal care are three times more likely to have low birth-weight 
infants than mothers with early and continuous care, increasing risk for infant 
death and development of chronic, handicapping conditions.5-7 Importantly, 
prenatal care not only saves infants’ lives, but it is also financially cost effective 
for both families and the health care system.8  
 
Despite benefits of prenatal care, many women – particularly those who are 
young, nonwhite, poorly educated, uninsured, or single – receive late or 
insufficient care.9-12 Among women giving birth in 2016, 6.2% of women did not 
receive care until the third trimester or no prenatal care.13 Proportions of women 
receiving late or no care also varies by race/ethnicity. Proportions of Non-
Hispanic Black (10.0%) and Hispanic women (7.7%) receiving inadequate care 
exceeded the composite for all races and origins, and were disproportionately 
higher than that for Non-Hispanic White women (4.3%).13 Prenatal care utilization 
in North Carolina mirrors national estimates. As many as 8.7% of Hispanic and 
9.1% of Non-Hispanic Black mothers received inadequate care, compared with 
6.4% of women overall.14  
 
To improve prenatal care adequacy, it is important to identify and overcome 
barriers that impede appointment attendance. Barriers to using prenatal services 
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are typically classified as either structural or personal. While personal barriers 
consist of attitudinal and motivational impediments to care, structural barriers are 
rooted in the organization and financing of the health care system that 
systematically hinder access for certain populations.15 Structural barriers 
encompass inadequacies of the maternity care system, such as: clinic 
inaccessibility, long waiting times for and at appointments, language barriers, 
lack of child care, reluctance to accept Medicaid or uninsured clients, and 
complicated registration systems.15-17       
 
Transportation is a structural factor that may significantly hinder prenatal care 
accessibility and attendance.15,18-21 The impact of travel time or distance on 
health outcomes has been repeatedly studied in trauma-related, cardiologic, or 
neurovascular emergencies.22-26 However, this exposure has rarely been 
examined as a risk factor in obstetrics and prenatal care. Past studies 
demonstrate that transportation to care services is among the most commonly 
cited barriers to clinical access by mothers across demographic groups.15,18 
Previous work, however, largely focuses on perinatal rather than prenatal 
outcomes.27-29  Evidence suggests that long travel times and/or distances are 
significantly correlated with increased incidence of pregnancy-related 
complications and hospitalizations.29 In industrialized countries such as Canada, 
France, and the Netherlands, women with hospital travel times greater than 30 
minutes have increased risk of mortality, adverse perinatal outcomes, and higher 
likelihood of undergoing induction of labor at delivery.28,30,31 Lastly, long travel 
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times and distances have been found to more greatly impact socially vulnerable 
or higher risk groups, and may reinforce and perpetuate existing disparities in 
health outcomes.32,33  
 
To our knowledge, previous work has not examined the association between 
travel time and prenatal appointment attendance. The purpose of this study was 
to examine the association between transportation time from a patient's home to 
the prentatal clinic and prenatal care appointment attendance. We hypothesized 
that patients with driving times greater than 30 minutes would be more likely to 
arrive late or miss (i.e. cancel or no-show) appointments. We further 
hypothesized that difficulties with attendance would be more common among 
younger, non-white, uninsured, or single mothers.  
 
IV. Methods 
 
Setting and Participants 
We performed a secondary analysis of a subset of mothers in the Care4Moms 
project. The primary aim of the parent study is to identify and better address the 
needs of mothers with medically fragile infants.34 The Care4Moms project 
encompasses a retrospective cohort study of nearly 7,000 mothers who delivered 
at the North Carolina  (N.C.) Women’s Hospital between July 1st, 2014 and June 
30th, 2016. N.C. Women’s Hospital is a tertiary care facility that receives referrals 
from all 100 counties. Data from the electronic medical record were queried from 
	 9 
the Carolina Data Warehouse for Health (CDW-H) using the medical record 
numbers of women identified in the Perinatal Database (PND). All women with 
singleton pregnancies, who received any prenatal care from UNC OB/GYN 
physicians in the N.C. Women’s Hospital Clinic, at least 18 years of age, and with 
available exposure and outcome data from the original study were included 
(N=2,808 women with 24,021 prenatal appointments) in our secondary analysis 
(Figure 1). Participants with multiple gestations (n=210), without prenatal 
appointments at the N.C. Women’s Hospital Clinic (n=3630), below age 18 
(n=35), missing a geocoded address (n=275), or missing an appointment 
outcome classification (n=68) were excluded. Postpartum visits and prenatal 
testing appointments such as ultrasound or non-stress test visits were also 
excluded.  Excluded women were more likely to be Asian/Pacific Islander, 
married, and have self-pay or unknown insurance type.  
 
Figure 1.  Flow diagram for inclusion in secondary analysis 
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Variables 
Our primary exposure was a mother’s driving time in minutes from her home to 
the N.C. Women’s Hospital Prenatal Clinic. Our primary outcome was her 
prenatal care appointment attendance, classified as on time, late, cancelled or 
no-show arrivals per appointment. We controlled for maternal demographic and 
pregnancy characteristics that significantly impacted our outcome of interest in 
prior studies.35 
 
Exposure - Travel Time  
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Our primary exposure was driving time in minutes from a patient’s home address 
to N.C. Women’s Hospital Prenatal Clinic. The patient’s home address was 
geocoded from the Pitney Bowes MapMarker Geographical Information System 
dataset.36 Addresses are uploaded every 3-6 months and represent the patient’s 
available address at the time of upload, precise to approximately four inches. We 
used Geographic Information System (GIS) data using ArcGIS software’s 
Network Analyst to calculate driving time in minutes from the patient's geocoded 
address to the prenatal clinic. We did not use a specific date or time to calculate 
the driving time, as appointments varied by these factors. Instead, we used 
ArcGIS’s network analyst and removed any impedances caused by traffic, 
creating a “traffic-less” system and allowing patients to move freely across the 
network at full potential speed. We chose this option to conservatively calculate 
the “best case” travel time; however, actual travel times likely vary by scheduled 
appointment time.  
 
Outcome – Prenatal Care Attendance 
Our main outcome was prenatal care attendance, which was classified for each 
appointment into one of four categorical outcomes: on-time arrivals, late arrivals, 
no-shows, and cancellations. Data on appointment times, check-in times and 
cancellations were obtained from the CDW-H, a database that is updated nightly 
with data from the Epic@UNC electronic medical record. The difference between 
the assigned appointment time and the check-in time was calculated for each 
appointment; arrivals more than 30 minutes after the scheduled appointment time 
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were classified as late, based on previous studies.28,30,31 We distinguished late, 
no-show, and cancelled appointments based on our assumption that each 
independent outcome leads to varying degrees of decreased interaction time with 
providers and the healthcare system.37,38 Appointments with missing attendance 
data (n=68) were dropped from our analysis.  
 
Maternal Demographic Data 
The UNC Perinatal database and the CDW-H contained additional maternal 
demographic data. We included marital status, which was defined as single, 
married/partnered, or divorced/widowed/separated. Race/ethnicity was defined 
as Non-Hispanic Black, Non-Hispanic White, Hispanic, Asian/Pacific Islander, 
American Indian, or other. Insurance status was defined as private, public, 
military or self/unknown. Primary language was Spanish, English or other. We 
checked linearity assumptions and defined age in years categorically with five 
levels (18-24, 25-28, 29-32, 33-35, and 36+). We combined preterm and term 
deliveries in order to examine total parity, which was a continuous variable. 
Appointments were classified as high-risk if they were scheduled in the Maternal-
Fetal Medicine (MFM) department, or low-risk if the appointment was scheduled 
with a resident, midwife or General Obstetrician.     
 
Analysis 
We examined distributions and evaluated for outliers in our exposure and 
outcome variables, as well as covariates. For categorical variables, we tabulated 
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frequencies, and for continuous variables we calculated the median and 
interquartile range, and examined distributions for skew and collinearity. To 
examine baseline characteristic distributions by travel time, we defined travel 
time as a binary outcome (< 30 min commute, or >30 minute commute) and 
assessed categorical variables with Chi-squared tests and continuous variables 
with Mann-Whitney tests. Similarly, to examine baseline characteristics by 
appointment outcome, categorical variables were assessed with Chi-squared 
tests and continuous variables were assessed with Kruskal-Wallis tests. We 
analyzed the association between driving time (aggregated in 10-minute 
intervals) and appointment outcome status while controlling for demographic and 
pregnancy characteristics using multinomial logistic regression. In order to 
account for repeated measures contributed by appointments attended by the 
same mother, we used the “cluster” command in STATA. The “cluster” command 
works for data with repeated measures per individual by specifying to which 
group each observation belongs (i.e. multiple appointments are clustered to a 
single mother and accounted for once in the model). We chose this analysis 
strategy because the multinomial fixed effects model in STATA remains 
experimental. Covariates that were significant in bivariate analyses by travel time 
or by appointment outcome were included in the final adjusted model. These 
covariates included: age, mother’s race/ethnicity, insurance provider at delivery, 
marital status, parity, and pregnancy risk status (classified as high or low by 
whether or not mothers attended MFM appointments). Of note, language was not 
included in the adjusted model due to the variable’s collinearity with 
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race/ethnicity. We additionally ran an interaction model with pregnancy risk 
status and travel time, because we hypothesized high-risk mothers were more 
likely to attend appointments on time regardless of travel time. We also 
conducted a sensitivity analysis by eliminating mothers with truncated 
appointment data from early in pregnancy due to delivery in the first 6 months of 
the Care4Moms Cohort (i.e. July 2014 - December 2014). All analyses were 
conducted in STATA/SE 15.0 (StataCorp, Inc., College Station, TX) with alpha 
level 0.05. Approval from the University of North Carolina Institutional Review 
Board (IRB) was obtained. 
 
   
V. Results 
 
Study Population 
Among the 2,808 mothers included in our analysis, the median travel time from 
home to clinic was 33.8 minutes (IQR: 19.2, 52.4) and median number of 
appointments scheduled per patient was 15 (IQR: 10, 20; range: 1, 60) (Table 1). 
Four mothers in our analysis sample scheduled 40 or more appointments. On 
average, women attended a median of 66.7% (IQR: 50.0-88.2%) of appointments 
on time, and cancelled a median of 16.7% (IQR: 0.0-31.3%) of appointments. 
Among the 1,857 mothers who cancelled at least one appointment, 27.2% 
(n=505) cancelled four or more times. Among all mothers included in the analysis 
sample, 30.4% (n=854) and 36.1% (n=1,013) arrived late or no-showed at least 
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once, respectively. Among mothers with at least one late arrival, 61.4% (n=524) 
arrived late once and 2.6% (n=22) arrived late at least 5 times (range = 0-8 
appointments). Among mothers with at least one no show appointment, 57.6% 
no-showed once (n=583) and 5.7% (n=58) no-showed 5 or more times (range = 
0-15 appointments). The majority (56%) of mothers commuted greater than 30 
minutes to attend clinic appointments, with a median travel time of 48.7 minutes 
(IQR:  38.3, 67.9). All continuous variables were normally distributed. Our sample 
largely consisted of mothers between ages 29-32 (21.5%), who were Non-
Hispanic White (35.3%), publically insured (59.0%), spoke English as a primary 
language (71.6%), and attended high-risk MFM appointments (65.0%).  
 
Table 1. Baseline demographics by travel time for study population (n=2,808 Care4Moms) 
 
Variable 
Study Population 
(n=2,808) 
Travel time < 30 
min 
(n=1,233)  
Travel time > 30 
min 
(n=1,575) p-value 
 n % n % n %  
Travel Time (minutes), 
median (IQR)  33.8  
(19.2, 
52.4) 17.4  
(10.0, 
24.0) 48.7  
(38.3, 
67.9) <0.001 
Age (years)* 
 
  <0.001 
   18-24  569  20.3 206  16.7 363  23.0  
   25-28  568  20.2 231  18.7 337  21.4  
   29-32 605  21.5 293  23.8 312  19.8  
   33-35 420  15.0 203  16.5 217  13.8  
   36+ 509  18.1 234  19.0 275  17.5  
Mother's race-ethnicity 
 
  <0.001 
   White 990  35.3 465 37.7 525  33.3  
   Black 614 21.9 273  22.1 341  21.7  
   Asian/Pacific Islander 98  3.5 89  7.2 9  0.6  
   Hispanic 821  29.2 271  22.0 550  34.9  
   American Indian 15  0.5 5  0.4 10  0.6  
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   Other/Refused/Unknown 270  9.6 130  10.5 140  8.9  
Insurance at Delivery* 
 
  <0.001 
   Private 870  31.0 505  41.0 365  23.2  
   Public 1656  59.0 610  49.5 1046  66.4  
   Military 84  3.0 21  1.7 63  4.0  
   Self or Unknown 61  2.2 31 2.5 30  1.9  
Marital status¶ 
 
  <0.001 
   Single 1264  45.0 470  38.1 794  50.4  
   Married/Partnered 1285  45.8 648  52.6 637  40.4  
   Divorced/Widowed/ 
   Separated 72  2.6 33  2.7 39  2.5  
Primary language§ 
 
  <0.001 
   English 2010 71.6 924  74.9 1086  69.0  
   Spanish 583  20.8 186  15.1 397  25.2  
   Other 60  2.1 53  4.3 7  0.4  
Parity, median (IQR)*  1  (0, 2) 1  (0,2) 1  (0,2) <0.001 
History of preterm delivery?     <0.001 
   No 2255 84.4 1019 87.3 1236 82.2  
   Yes 416 15.6 148 12.7 268 17.8  
Maternal Fetal Medicine 
Appointment?    <0.001 
   No 983 35.0 510 41.4 473 30.0  
   Yes 1825 65.0 723 58.6 1102 70.0  
*Missing 137 values. ¶Missing 187 values. 
§Missing 155 values.  
 
Baseline Characteristics by Transportation Time 
To examine baseline characteristics by our exposure, we separated mothers into 
two groups: those commuting 30 minutes or less (“short commute”) to clinic, and 
those with a greater than 30 minute commute (“long commute”). Older mothers 
between 29-32 largely comprised our group with short commutes, whereas 
younger mothers between 18-24 comprised the majority of those with long 
commutes (Table 1). Greater proportions of mothers with long commutes were 
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Hispanic (34.9 vs. 22.0%, p<0.001), publically insured (50.4 vs. 38.1%, p<0.001), 
and single compared to those with short commutes (50.4 vs. 38.1, p<0.001). 
Lastly, a greater proportion of mothers with long commutes were high-risk OB 
patients (70.0 vs. 58.6%, p<0.001). 
 
Travel Time and Risk Status by Appointment Outcome  
To compare baseline characteristics by appointment outcome, we divided the 
24,021 scheduled appointments included in our sample into four outcome 
categories: on time arrivals, late arrivals, cancellations and no-shows. The 
majority of appointments were attended on time (64.7%), followed by 
cancellations (21.5%), no-shows (7.9%), and late arrivals (5.9%) (Table 2). The 
median travel time was longest for late-arrivals (35.5 minutes; IQR: 21.5, 55.7) 
and shortest for on time arrivals (31.4 minutes; IQR: 18.8, 50.2, p<0.001). High-
risk appointments comprised most (67.0%) of our sample; however, patients 
were more likely to no-show for low risk appointments (10.4% of all low risk 
appointments no-showed) than for high-risk appointments (6.7% of all high risk 
appointments no-showed). 
 
Table 2. Travel time and risk status by appointment outcome for study population 
(n=24,021 appointments)  
Variable 
All 
appointments 
(n=24021) 
On-time  
(n=15534) 
Late arrival 
(n=1407) 
Cancelled  
(n=5174) 
No show 
(n=1906) 
 n % n % n % n % n % 
Travel time 
(minutes), 
median (IQR)*  32.6  
(19.3, 
51.7) 31.4  
(18.8, 
50.2) 35.5  
(21.5, 
55.7) 33.7  
(20.3, 
52.9) 35.1 
(21.1, 
53.3) 
Maternal Fetal 
Medicine 
Appointment?
*      
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   No§ 7945  100.0 5040  63.4 462  5.8 1618  20.4 825  10.4 
   Yes§ 16076  100.0 10494  65.3 945 5.9 3556  22.1   1081 6.7 
*p-value <0.001 
§Statistics presented per row.  
 
Multinomial Logistic Regression Modeling 
The unadjusted multinomial logistic regression model incorporated data for all 
24,021 appointments included in our study sample (Table 3). Due to case-wise 
deletion, the adjusted model included 22,547 appointments, with 1,474 
appointments dropped from the analysis due to missing patient-level covariate 
data.  We tested for interaction with a likelihood ratio test by pregnancy risk 
status (Maternal Fetal Medicine appointment status) in our main effect model and 
did not appreciate an interaction effect. We repeated analyses solely among 
women who had the full risk period observed (excluding mothers who delivered 
within the first 6 months – July-December 2014 – of the Care4Moms study 
cohort), and our interpretation did not change (analyses not shown).   
 
Using our fully adjusted multinomial logistic regression model, we examined the 
association between a patient’s travel time (aggregated in 10-minute intervals) 
and her odds of arriving late, cancelling or not showing vs. arriving on time to 
prenatal care appointments. For every additional 10-minutes of travel time 
between a mother’s home and clinic, she was 1.05 (95% CI: 1.02, 1.08) times as 
likely to arrive late and 1.03 (95% CI: 1.01, 1.04) times as likely to cancel the 
appointment vs. arrive on-time (Table 3). There was no significant association 
between travel time and no showing vs. arriving on time to appointments.  
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Demographic and pregnancy characteristics, namely maternal age, parity, 
race/ethnicity, insurance status, marital status, and obstetric risk status are also 
associated with appointment outcomes. Younger mothers ages 18-24 were 
significantly more likely to no-show vs. arrive on time to appointments than 
mothers in all older age groups. Higher parity was significantly associated with 
higher risk of arriving late (1.10, 95% CI: 1.05, 1.16), cancelling (1.04, 95% CI: 
1.01, 1.08), or no showing (1.29, 95% CI: 1.22, 1.36) vs. arriving to appointments 
on time. Non-Hispanic Black mothers were significantly more likely to arrive late 
(1.71, 95% CI 1.40-2.07), cancel (1.12, 95% CI 1.01-1.24) or no-show 
appointments (1.50, 95% CI 1.26-1.81) vs. arrive on time than Non-Hispanic 
White mothers. Being publically (vs. privately) insured was significantly 
associated with increased odds of arriving late (1.28, 95% CI 1.04-1.57) or no-
showing (1.82, 95% CI 1.49-2.22) appointments. Marital status was not 
significantly associated with arriving late or cancelling appointments; however, 
married/partnered mothers were significantly less likely to no-show than single 
mothers (0.74, 95% CI 0.63-0.87). Lastly, mothers with high-risk pregnancies 
were 0.79 (95% CI 0.69-0.92) times as likely as low-risk mothers to no-show vs. 
arrive on time. 
 
Table 3. Unadjusted (n=24,021) and Adjusted (n=22,457) Multinomial logistic regression 
models for association between transportation time (per 10 minutes) and appointment 
outcome   
 
Model 
  
On Time Late Arrival Cancelled No Show 
REFERENT 
GROUP 
RR [95% CI] RR [95% CI] RR [95% CI] 
Unadjusted^ 1.06 [1.03, 1.08] ¶ 1.03 [1.01, 1.04] ¶ 1.03 [1.00, 1.06]  
Adjusted^* 1.05 [1.02, 1.08] ¶ 1.03 [1.01, 1.04] ¶ 1.01 [0.99, 1.04] 
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¶p-value <0.05 
^Both models account for repeated measures by clustering n=2,621 Care4Mom IDs with repeated 
measures.  
*Adjusted for covariates: age, parity, race/ethnicity, insurance status at delivery, marital status, 
and pregnancy risk status (high vs. low). 
 
     
VI. Discussion    
 
Our objective was to examine the association between a mother’s transportation 
time to clinic and her prenatal care attendance. We hypothesized that mothers 
with longer commutes would be more likely to arrive late or miss (i.e. cancel or 
no show) appointments. We further hypothesized that appointment attendance 
difficulties would be more common among younger, non-white, uninsured, or 
single mothers. Our analysis revealed significant associations between 
transportation time and arriving late or cancelling vs. arriving on time to 
appointments. Contrary to our hypothesis, we did not find a significant 
association between travel time and no-showing vs. arriving on time to prenatal 
care appointments. Importantly, maternal characteristics including age, parity, 
race/ethnicity, insurance status, marital status, and obstetric risk status played a 
significant role in predicting appointment outcomes. 
 
We did not find a significant association between travel time and the likelihood of 
no-showing versus arriving on time; however, we did find associations with late 
and cancelled appointments, which also hinder adequate care. Patients arriving 
late to clinical appointments generally encounter longer wait times and less 
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overall face-time with their care providers.37,38 Importantly, many healthcare 
practices – including University of North Carolina Hospital – have late arrival 
policies in which patients are automatically rescheduled if they arrive to clinic 
more than 15 minutes late to their appointment.39 This policy may have 
significant implications for patients who are rescheduled after enduring a long 
commute to attend their appointment. Rescheduling prenatal appointments for a 
late arrival patient who has driven greater than 30 minutes may result in her not 
receiving prenatal care. Moreover, given the sociodemographic factors 
associated with late arrivals, punitive policies may aggravate health disparities. 
 
To our knowledge, previous studies have not examined the association between 
travel time and prenatal appointment outcomes. Our findings extend upon 
literature that examines the impact of transportation distance and/or time on 
perinatal maternal and infant outcomes in industrialized countries, largely outside 
the U.S. Findings from previous studies yielded contradictory results. Some 
studies found no significant association between travel time and adverse 
maternal outcomes during the perinatal period.40,41 The majority of studies, 
however, reported an association between longer travel time to the delivery ward 
and increased intra-partum neonatal morbidity and mortality, as well as increased 
unplanned, out-of-hospital deliveries.30,31,42-46 By demonstrating the association 
between transportation time and appointment outcomes during the prenatal 
period, this study not only provides evidence to support transportation’s 
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significance as a structural impediment to accessing care, but also identifies a 
need for targeted strategies to mitigate this challenge throughout pregnancy.  
  
Of note, maternal demographic and pregnancy characteristics are also 
associated with impeding access to adequate prenatal care. Our findings 
demonstrated that women who are Non-Hispanic Black or with higher parity were 
nearly twice as likely to arrive late, cancel or no-show than arrive on time. 
Additionally, older, partnered, or high-risk women were less likely to no-show 
than arrive on time. These findings are consistent with past studies that 
demonstrated reduced likelihood of receiving adequate prenatal care if a woman 
is black, unmarried, or has higher parity.35 Past studies also demonstrate that 
women who are poor, Medicaid-eligible, or have a past history of unwanted 
pregnancy are more likely to experience inadequate prenatal care.35 We used 
insurance status as a proxy for examining socio-economic status in our model. In 
doing so, we observed that women who were publically (vs. privately) insured 
were more likely to arrive late or no show, rather than arrive on time to 
appointments. These findings suggest that financial resources play a role in 
enabling mothers to attend appointments on time. Furthermore, risk status may 
positively correlate with attendance since mothers who are high-risk may 
perceive prenatal care as more pertinent to the health of their pregnancy.  
 
Our study has several strengths.  The Care4Moms parent study has a large and 
diverse patient population, as well as wide variety of available maternal 
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demographic and pregnancy data. We had a large enough sample to derive 
meaningful results and to examine the association between individual 
characteristics and our outcomes of interest. Linkage between electronic health 
record data and geocoded data provides a novel mechanism to holistically 
examine relationships between patient exposures and health outcomes. Further, 
past studies have employed techniques such as asking patients to 
retrospectively estimate travel time in qualitative surveys, which may introduce 
recall bias.27 In our model, we utilized current patient address data to derive 
geocoded coordinates precise to four inches. Lastly, as there is no previous work 
to our knowledge that examines the relationship between transportation time and 
prenatal care attendance, our study provides new information to address this 
question. 
 
Despite these strengths, our study is also limited by several important factors. 
First, geocoded addresses are calculated based on the most current addresses 
uploaded to the ArcGIS database, and updated every 3-6 months. Thus, it is 
important to note that geocoding was done on the mother’s current address and 
not necessarily her address at the time of delivery.  We also conservatively 
estimated the impact of driving time by simulating a traffic-less system. In reality, 
driving times are likely much longer than our estimates, particularly during rush-
hour conditions. Further, due to limitations in utilizing health record data, we were 
unable to include covariates such as education status or history of unintended 
pregnancy, previously identified as factors associated with inadequacy of 
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care.21,35 Lastly, we were unable to distinguish mothers in our sample who 
initiated and continued care at the N.C. Women’s Hospital prenatal clinic from 
those that initiated at remote clinics and transitioned care. Due to the inability to 
make this distinction as well as the high volume of consultation visits included in 
our sample, we were unable to calculate Kotelchuk Indices for our study 
participants.  Instead, we relied on assumptions that patients who are more likely 
to miss appointments (i.e. no show or cancel) are at greater risk of not receiving 
adequate care. We also assumed that late arrivals would adversely affect the 
quality of care a patient receives.38 Future studies should attempt to calculate 
Kotelchuk scores for patients in order to quantitatively assess prenatal care 
adequacy.  
 
VII. Policy Implications 
 
Demonstrating the impact of transportation time on prenatal care access may 
encourage practitioners and policy makers to invest in targeted strategies to 
address and further evaluate this barrier. Harnessing electronic medical record 
and geocoded data may provide a means for hospitals to conduct and evaluate 
novel, innovative quality improvement initiatives. Some studies demonstrate that 
taxi vouchers may incentivize patients who fear cost of driving or utilizing public 
transit.47 Others suggest that placing clinics near commonly traveled public 
transportation routes or adjusting clinic hours to create easier commutes for 
women may also alleviate these challenges.48 UNC Hospital is accessible by 
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numerous local and regional bus routes that extend as far as neighboring 
Durham and Wake County. Providing patients with details on how to access 
existing routes may ease transportation concerns for patients who rely on public 
transit. Of particular interest, multiple studies have demonstrated the positive 
effect of utilizing a mobile prenatal care van that provides on-site care before, 
during and after pregnancy to underserved, low wealth or racial/ethnic minority 
women.  Comparative studies demonstrate that women in high risk socio-
demographic groups utilizing mobile services are more likely to initiate early 
prenatal care, and often have higher proportions of women achieving adequate 
care per Kessner and Kotelchuk Indices.49,50 Findings from our study serve to 
support exploring these innovative strategies to target this multi-faceted 
challenge to achieving equitable care access.  
 
VIII. Conclusions 
In conclusion, we found that the longer patients have to commute to their 
prenatal clinic, the more likely they are to attend appointments late or cancel 
appointments. To our knowledge, previous studies have not examined this 
exposure as a possible structural barrier to prenatal care access. Importantly, 
though travel time is significantly associated with prenatal care attendance, 
socio-demographic factors such as race/ethnicity and insurance status are also 
significantly associated with appointment outcomes. Providers and care 
coordinators should pay particular attention to these high-risk groups and 
investigate strategies to address the complex barriers these populations face. 
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Comprehensive, coordinated and multidisciplinary outreach and services that 
address these barriers are needed to improve prenatal care for all women. 
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XI. Appendix 
 
STATA Output: Adjusted Multinomial Logistic Regression Model 
 
. mlogit A_appt_cat A_traveltime_10 i.age_tert A_parity i.A_cdwraceth i.A_insurance 
i.married_cdw i.A_appt_mfm, cluster(c4m_m 
> om_id) rr 
 
Iteration 0:   log pseudolikelihood = -22064.248   
Iteration 1:   log pseudolikelihood = -21680.668   
Iteration 2:   log pseudolikelihood = -21657.067   
Iteration 3:   log pseudolikelihood = -21657.004   
Iteration 4:   log pseudolikelihood = -21657.004   
 
Multinomial logistic regression                 Number of obs     =     22,457 
                                                Wald chi2(51)     =     491.97 
                                                Prob > chi2       =     0.0000 
Log pseudolikelihood = -21657.004               Pseudo R2         =     0.0185 
 
                                        (Std. Err. adjusted for 2,621 clusters in 
c4m_mom_id) 
-----------------------------------------------------------------------------------------
---- 
                            |               Robust 
                 A_appt_cat |        RRR   Std. Err.      z    P>|z|     [95% Conf. 
Interval] 
----------------------------+------------------------------------------------------------
---- 
0__Ontime                   |  (base outcome) 
----------------------------+------------------------------------------------------------
---- 
1_Late                      | 
            A_traveltime_10 |   1.047824   .0141489     3.46   0.001     1.020457    
1.075926 
                            | 
                   age_tert | 
                2=25-28 yo  |   .8960734   .1023665    -0.96   0.337     .7163137    
1.120944 
                3=29-32 yo  |   .7677042   .0932102    -2.18   0.029     .6051261    
.9739618 
                 4=33-35yo  |   .8407639    .109656    -1.33   0.184     .6511135    
1.085654 
                 5= 36+ yo  |   .9856501   .1262363    -0.11   0.910      .766842    
1.266892 
                            | 
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                   A_parity |   1.100268   .0285351     3.68   0.000     1.045738    
1.157642 
                            | 
                A_cdwraceth | 
                     Black  |   1.706929   .1697419     5.38   0.000     1.404655    
2.074252 
    Asian/Pacific Islander  |   1.431629   .2975908     1.73   0.084     .9525602    
2.151635 
                  Hispanic  |   1.210919   .1275404     1.82   0.069      .985059    
1.488567 
           American Indian  |   1.385809   .6621045     0.68   0.495     .5432764    
3.534972 
     Other/Refused/Unknown  |   1.705614   .3494758     2.61   0.009     1.141489    
2.548529 
                            | 
                A_insurance | 
                    Public  |   1.278913    .131956     2.38   0.017     1.044757    
1.565548 
                  Military  |   .9633775   .2140468    -0.17   0.867     .6232659    
1.489085 
           Self or Unknown  |   1.096563   .3208324     0.32   0.753     .6180006     
1.94571 
                            | 
                married_cdw | 
         Married/Partnered  |   .9528189   .0824022    -0.56   0.576     .8042597    
1.128819 
Divorced/Widowed/Separated  |   .7838126   .1810865    -1.05   0.292     .4983755     
1.23273 
                            | 
                 A_appt_mfm | 
                     1=Yes  |   .9947445   .0803669    -0.07   0.948     .8490665    
1.165417 
                      _cons |   .0486257   .0070155   -20.96   0.000     .0366487    
.0645169 
----------------------------+------------------------------------------------------------
---- 
2_Canceled                  | 
            A_traveltime_10 |   1.025328    .007891     3.25   0.001     1.009977    
1.040911 
                            | 
                   age_tert | 
                2=25-28 yo  |   1.119276    .068813     1.83   0.067     .9922145     
1.26261 
                3=29-32 yo  |   .9778555   .0624951    -0.35   0.726     .8627285    
1.108346 
                 4=33-35yo  |   1.009842   .0717715     0.14   0.890     .8785303     
1.16078 
                 5= 36+ yo  |   .9284989     .06398    -1.08   0.282     .8111996     
1.06276 
                            | 
                   A_parity |   1.044444   .0169467     2.68   0.007     1.011751    
1.078192 
                            | 
                A_cdwraceth | 
                     Black  |   1.121863   .0593781     2.17   0.030     1.011317    
1.244492 
    Asian/Pacific Islander  |    .927025   .0953546    -0.74   0.461     .7577677    
1.134088 
                  Hispanic  |   .9831319   .0513933    -0.33   0.745     .8873914    
1.089202 
           American Indian  |   .9119133    .194395    -0.43   0.665     .6004828    
1.384862 
     Other/Refused/Unknown  |   1.155614    .109377     1.53   0.126     .9599482    
1.391161 
                            | 
                A_insurance | 
                    Public  |   1.098582   .0551075     1.87   0.061     .9957132    
1.212079 
                  Military  |    1.01357   .1251729     0.11   0.913     .7956699    
1.291144 
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           Self or Unknown  |   1.077039   .1493462     0.54   0.592     .8207308    
1.413391 
                            | 
                married_cdw | 
         Married/Partnered  |   .9752871   .0429885    -0.57   0.570     .8945681     
1.06329 
Divorced/Widowed/Separated  |   1.046901    .118132     0.41   0.685     .8391819    
1.306035 
                            | 
                 A_appt_mfm | 
                     1=Yes  |   1.070129    .043741     1.66   0.097     .9877427    
1.159388 
                      _cons |   .2500377   .0178365   -19.43   0.000     .2174126    
.2875584 
----------------------------+------------------------------------------------------------
---- 
3_No_show                   | 
            A_traveltime_10 |   1.014121   .0133166     1.07   0.286      .988354     
1.04056 
                            | 
                   age_tert | 
                2=25-28 yo  |   .7233739   .0726616    -3.22   0.001     .5941023     
.880774 
                3=29-32 yo  |   .6164553   .0656369    -4.54   0.000     .5003457    
.7595091 
                 4=33-35yo  |   .5137358    .067427    -5.07   0.000     .3972107    
.6644445 
                 5= 36+ yo  |    .398317   .0521156    -7.04   0.000     .3082179    
.5147539 
                            | 
                   A_parity |   1.287916   .0335222     9.72   0.000     1.223861    
1.355323 
                            | 
                A_cdwraceth | 
                     Black  |   1.509109    .139935     4.44   0.000     1.258321    
1.809881 
    Asian/Pacific Islander  |   .9774037   .2037383    -0.11   0.913     .6495945    
1.470637 
                  Hispanic  |   1.002212   .0911157     0.02   0.981     .8386348    
1.197695 
           American Indian  |   1.345304   .7653129     0.52   0.602     .4411552     
4.10251 
     Other/Refused/Unknown  |   .8967757    .168276    -0.58   0.562     .6208114    
1.295412 
                            | 
                A_insurance | 
                    Public  |    1.81852    .187123     5.81   0.000     1.486383    
2.224874 
                  Military  |   .7907838   .2562808    -0.72   0.469     .4189831    
1.492516 
           Self or Unknown  |   1.856513    .463662     2.48   0.013     1.137919    
3.028898 
                            | 
                married_cdw | 
         Married/Partnered  |   .7384428   .0625841    -3.58   0.000     .6254265    
.8718815 
Divorced/Widowed/Separated  |   1.154566   .2084906     0.80   0.426     .8104192    
1.644857 
                            | 
                 A_appt_mfm | 
                     1=Yes  |   .7942786   .0574839    -3.18   0.001     .6892381    
.9153273 
                      _cons |   .0868841   .0124308   -17.08   0.000     .0656381     
.115007 
-----------------------------------------------------------------------------------------
---- 
Note: _cons estimates baseline relative risk for each outcome. 
 
 
